Abstract: Due to the increasing world energy demand, renewable energy systems have been significantly applied in the power generation sector. Among the renewable energy options, photovoltaic system is one of the most popular resources which has been experiencing a huge attention during recent decades. The remarkable advantages, such as static and movement free characteristics, low maintenance costs, and longevity are the primary factors for the popularity of solar generation in the late years. Nevertheless, the low PV conversion efficiency in one side and high PV material cost in the other side have made PV generation comparably expensive system. Consequently, a capable maximum power point tracking (MPPT) is all important to elicit the maximum energy from the production of PV systems. Different researches have been conducted to design a fast, simple and robust MPPT technique under uniform conditions. However, due to the series and parallel connection of PV modules and according to the use of bypass diodes, in the structure of PV modules, a conventional techniques are unable to track a true MPP. Recently, several studies have been undertaken to modify these conventional methods and enable them to track the global MPP under rapidly changing environments and partial shading (PS) conditions. This report concentrates on the state of the art of these methods and their evolution to apply under PS conditions. The recent developments and modifications are analyzed through a comparison based on design complexity, cost, speed and the ability to track the MPP under rapid environmental variations and PS conditions.
Introduction
Due to the increasing rates of energy demand, renewable energy resources are playing important roles in current energy generation developments. Among different types of renewable energy resources, Photovoltaic (PV) system is one of the most popular resources which has received extra attention during recent decades The output Power -Voltage characteristic of a photovoltaic system is affected by environmental factors such as solar irradiance and temperature levels. Finding the maximum extractable power at the nonlinear output characteristic of the PV system is one of the influential factors affecting the efficiency and overall cost of the control unit in a photovoltaic system [1] - [3] .
Different studies have been conducted to introduce the efficient maximum power point tracking (MPPT) methods. Perturbation and observation (P&O), Hill climbing (HC) and Incremental conductance (InCond.) are the most common methods which have shown very fast and efficient response when the solar irradiance cover all PV array, uniformly [4] - [13] . However, the conventional version of these methods is inefficient when mismatching conditions occur [14] - [16] . Several studies have been undertaken to modify the performance of these conventional methods and upgrade them to be applied on PV system under partial shading (PS) conditions. This paper presents the basics and state of the art of the conventional methods by analysing the results of reliable references in the literature.
Three most common conventional methods have been covered in this study and are evaluated by following steps: in the first step the modelling and characteristics of the photovoltaic system is briefly presented. In the second step, basics, procedures and developments of each method are described. In the third step, the fundamental criteria for comparing the conventional methods and their developments are defined. Finally, in the fourth step, the conclusion of the study as well as future works are presented. Recent researches have accurately and comprehensively covered the different methods of modelling and simulation of photovoltaic systems [17] , [18] . The typical circuitry diagram of photovoltaic cell is shown in Fig. 1 . In general, the output characteristics of the module can be calculated as presented in (1) while the module is operating at the temperature of T and irradiance of G.
Photovoltaic System

Characteristic of PV System
where, Iph and Io are the solar-generated current and the diode saturation current respectively. q Refers to the Electron Charge constant, K the Boltzmann constant, and A the Diode ideality factor. The number of cells connected to the series circuit is indicated by Ns, while the numbers of those in parallel are symbolized by Np. Fig. 2 represents the I-V and P-V characteristics of the BP SX 150s PV module for different insolation levels. The manufacturing specification of state module can be obtained from Table 1 . 
Effects of Partial PS Conditions
Mismatching conditions are unavoidable circumstances in which some percentage of PV module malfunctions due to different causes such as ageing, shading or disconnection. The most usual and inevitable type of mismatching condition is partial shading. In any outdoor environment, the whole or some components of the PV system might be shadowed by trees, passing clouds, high building, etc., which result in non-uniform insolation conditions. During partial shading, a fraction of the PV cells, which receive uniform radiance still operate at the optimum efficiency. Since current flow through every cell in a series configuration is naturally constant, the shaded cells need to operate with a reverse bias voltage to supply the same current as the illumined cells. Nevertheless; the resulting reverse power polarity leads to power consumption and a decrease in the maximum output power of the partially shaded PV module. Exposing the shaded cells to an excessive reverse bias voltage could also cause "hot spots" to appear in them, and creating an open circuit in the entire PV module. This is often resolved with the inclusion of a bypass diode to a specific number of cells in the series circuit. The presence of bypass diode for mitigating the negative effects of PS conditions will create a multiple peaks characteristic at the output of the PV array [18] .
Conventional MPPT Methods
Perturbation and Observation (P&O) Method
P&O is one of the most common conventional methods used for MPP tracking techniques in several researches [19] - [21] . This iterative based method measures the output characteristic of the PV systems and changes the operating duty cycle of the DC/DC converter. First, the operating duty cycle, and consequently operation voltage, is perturbed by a slight change (C). Then the consequent power at the output of the PV is calculated to obtain the power changes (∆P) between the current and previous operating point. According to the statement presented in (2) if the variation of the power, as a result of this voltage perturbation, is positive, then the perturbation of the voltage follows the same direction. If the power variation is negative, then the operating voltage should be moved in the opposite direction [22] . The procedure of basic P&O technique is shown in Fig. 3 .
International Journal of Computer and Electrical Engineering
The main disadvantage of this method appears while there is a sudden change in the solar irradiance levels. Under this condition, the next operating point follows the opposite direction toward the actual MPP. As long as these sudden changes continue, the operating point moving away from the actual MPP [23] .
The improved version of P&O technique has been presented in [24] - [26] . The performance of the algorithm under sudden environmental changes has been modified in [24] , [25] , [27] and the steady state osculation has been improved in [26] . An improved P&O method has been proposed in [28] , where the daxis grid current component reflecting the power grid side and the signal error of a proportional-integral (PI) outer voltage regulator is designed to reflect the change in power caused by the irradiation variation. In [24] the author used an optimized P&O MPPT, in which the algorithm parameters are customized to the dynamic behaviour of the specific converter adopted. The behavior of the proposed methods has been improved in terms of reducing the oscillation around MPP as well as increasing the accuracy under rapid environmental changes. However, the ability of the method for tracking the MPP under PS conditions is not proved.
The authors in [29] improved the performance of normal P&O technique under PS conditions, by tuning the duty cycle of connected DC/DC convertor to find all appeared local and global MPPs between lowest and highest duty cycles. The presented results are promising under both normal and PS conditions. However, the required time for identifying all MPPs reduces the tracking speed of the technique. 
Hill Climbing Method (HC)
Hill climbing method (HC) is another common conventional MPPT technique which has been regularly used in the literature [6] , [30] - [35] . In a similar procedure to P&O technique, the voltage is regulated to follow the maximum output power. The only difference is that instead of perturbing the operating voltage, the operating duty cycle is perturbed in HC method.
The duty cycle is simultaneously perturbed with a step size of Q until the maximum power is found. The difference between the current output power and the previously measured value is continuously calculated. If the current power is higher than previous one, the duty cycle will be perturbed in the same direction, otherwise, the slope of the duty cycle movement will be inverse. The conditional statement to define the direction of the operating point and duty cycle perturbation is stated in (3).
The procedure and steps of HC algorithm are presented in Fig. 4 . As shown in this figure, the algorithm continues operating until oscillating around MPP. In case of zero difference between current and previous output power values, the output current and voltage will be measured again. The main advantage of Hill climbing method is its simplicity in design and implementation. However, alike P&O method, HC technique is vulnerable in tracking under rapidly changing environmental conditions. In addition, same as other conventional method, it is not able to track the actual MPP under mismatching conditions when multiple peaks appear in the output power-voltage characteristic.
START
Due to the significance of above mentioned drawbacks, many researches have been working on the modification of the normal HC method. For instance, in [16] , the author employed an adaptive HC based MPPT method to track the MPP under rapidly shading conditions. In this method an automatic parameter tuning approach is used for controlling the switching mode and tuning the system under sudden changing conditions. However, the proposed technique is only capable of finding MPP under uniform insolation levels.
In another study presented in [33] , a duty cycle sweep method has been proposed to enforce HC capability under PS conditions. In this method, the algorithm first defines the initial value of duty cycle by using the following equation:
In which Rm is a proportion of Voc/Isc value and Rl is an estimated value. Then, it uses a large-size scan method to check around 90% of the search space for finding the MPP region. Finally, it employs the improved HC method to track the accurate value of MPP. In the improved HC method the value of step size is reduced to half for avoiding oscillation around MPP. The method shows satisfactory performance under both normal and PS conditions. However, it is considered as system dependent technique, as it needs to scan around %90 of the output PV characteristic.
Incremental Conductance (InCond) Method
InCond is another common conventional method which has been frequently used in the literature [11] , [36] - [42] . This method is generally based on the derivation of output put PV relationship. Therefore, the maximum power point would be achieved when the derivation is zero as presented in (4). 
Vpv
The procedure and different steps of the InCond MPPT technique is described in the flowchart shown in Fig. 5 . The flowchart shows that the MPP is tracked by simultaneous comparison of InCond (∆Vpv/∆Ipv) and instantaneous conductance (Vpv/ Ipv) [43] .
Based on the location of the operating point in the output characteristic, the controller moves the operating point with a step size of C to approach MPP.
Tracking speed of the controller is largely dependent on the value of the step size. A large step size value
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helps to track the MPP faster, however, it results the oscillation around the MPP. This problem has been solved in some researches by designing a variable step size InCond method. In such techniques, initially, a large step size helps the controller to approach the approximate MPP region and then the accurate MPP will be tracked by a smaller step size. This method increases the accuracy of the controller and avoids oscillation around MPP [44] , [45] . In contrast to the P&O method, the most remarkable advantage of the InCond method is its fast and dynamic response under sudden and rapid environmental changes. However, its control circuitry is more complex compared to P&O technique. In addition, the normal InCond is only able to track the MPP under uniform insolation levels. Under PS condition, the derivation of both local and global MPPs equals to zero, therefore, there is a high possibility for InCond -based MPP tracker to be trapped in a local MPP [46] . Different researches tried to improve the performance of conventional InCond under PS conditions. In [47] a two stage InCond method has been proposed to track global MPP from the output of a partially shaded PV system. In the first step, the neighbouring region of the Global MPP is found and in the second step the
normal InCond is employed to define the accurate value of Global MPP. The method shows satisfactory results under certain PS conditions, however, it is not reliable to track global MPP under intensive PS conditions.
In another study, the author attempts to find the actual MPP of a grid connected PV system, under PS conditions, by using a linear function [13] . In this study, the proposed algorithm detects the occurrence of the PS when some predefined conditions are satisfied. Once these conditions are met, the linear function is used to move the operating voltage towards the Global MPP region. Then, a normal InCond is used to track the global MPP in that region. The method is successfully verified under some partially shading condition.
In one of the recent studies, Tay Soon in [48] introduced a modified InCond algorithm based on a multifaceted duty cycle control method that effectively utilizes the periodic P-V characteristics of partially shaded conditions. The method is tested under different PS conditions, presented in [9] , and verified its functionality with both simulation and experimental verifications. However, the applied modification increases the complexity and computational cost of the normal InCond.
Discussion
Selection of an appropriate MPPT technique depends on system requirement, system complexity and PV configuration. The MPPT techniques can be classified based on their performance in different PV systems and under different environmental conditions. In this paper, the above mentioned methods have been evaluated based on the following factors: tracking speed, oscillation around MPP, design complexity and ability to track MPP under rapid environmental changes and PS conditions. The summary of these is shown in Table 2 . According to the comparison criteria, it is clear that any modification in the procedure of conventional methods, for improving their detrimental features, can spoil the positive aspects of these methods. For instance, the low design complexity and high tracking speed are the common advantages in the normal form of all conventional methods. However, when a modification is applied to enable them for operating under PS conditions, the extra calculations are needed in order to scan the majority of the search space and distinguish the global MPP from the local ones. Obviously, these extra calculations increase the reliability, accuracy and robustness of the system under any environmental conditions. Nevertheless, they significantly reduce the tracking speed and simplicity of the system.
Conclusion and Future Works
In regards to the low output rate of photovoltaic systems, extracting the maximum energy from the output terminal is an essential factor in an economic PV system. To achieve this, a capable MPPT method is required in order to provide an appropriate duty cycle signal for the connected DC/DC converter. Different techniques have been employed in the literature and tested in different system configurations and under various environmental conditions. Among these techniques, P&O, InCond and HC techniques are the most common conventional ones. However, these methods, are not capable of tracking MPP under PS conditions. To solve this, different approaches have been introduced in the literature that can be classified into three main groups. The first group is the modified form of conventional methods, in which an extra calculations or control loops are added in the basic procedure of the algorithm. The second group is the application of artificial intelligent methods such as particle swarm optimization, Fuzzy logic and artificial neural network, which are mostly based on the meta-heuristic approach and the third group is the combination of these two groups, which utilize the advantages of both groups.
In this paper, we concentrated on detailed procedures of conventional MPPT techniques along with their developments towards overcoming their significant drawbacks. Capability of tracking MPP under rapid changes and PS conditions, design complexity, oscillation around MPP and tracking speed are the key factors for evaluating the studied methods. The final comparison proved that, any modification in the basic structure, in order to improve one aspect, might spoil the advantages in another aspect. For instance, almost all modified versions of conventional methods will lose their simplicity and fast convergence characteristics after applying modifications in their basic form. Therefore, a comprehensive knowledge about the nature of the system and its requirements must be considered by the designer in order to select an appropriate MPPT technique.
This study is part of a project which is aimed for providing a comprehensive literature review about all established MPPT methods for all environmental conditions and system requirements. However, according to the large number of proposed methods in the literature, this paper has been concentrated to cover the most common conventional methods and their evolution throughout the recent years. In the next study we present the comprehensive analysis of new approaches, such as artificial and hybrid based methods.
